Chloral hydrate has been found in our drinking water supplies at levels up to 5 ,ug/l. The purpose of this study was to evaluate the functional status of the immune system in random-bred CD-1 mice exposed to chloral hydrate for 14 and 90 days. Male mice, following 14 or 90 days of exposure to 1/10 and 1/100 the actual oral LD50, exhibited no alterations in either humoral or cell-mediated immunity. However, female mice exposed for 90 days to chloral hydrate in the drinking water demonstrated a significant depression in humoral immune function. This depression was observed when spleen cells from exposed mice were evaluated for their ability to produce antibody against sheep erythrocytes. These females did not demonstrate any changes in cell-mediated immune status.
Introduction
This study describes the effects of subehronic exposure to chloral hydrate on the immune system. There has been renewed interest in chloral hydrate for, in addition to its use as a hypnotic in man, it is utilized industrially in the production of polyurethanes. Thus it enters the drinking water supply and has been found in six of ten water supplies examined by the EPA (1). Additionally, trichloroethylene, a common industrial solvent, is transformed into chloral hydrate during its metabolism (2) ; this provides two potential sources for absorption of chloral hydrate via the drinking water.
Little is known about the long-term effects of subchronic oral exposure to chloral hydrate. Therefore, this immunological investigation was conduct-*Department of Pharmacology, Medical College of Virginia, Richmond, Virginia 23298. April 1982 ed, as well as a general toxicological study, which was conducted concurrently and is described in a companion report (3) . The parameters evaluated here are humoral immunity, deternined by measuring plasma hemagglutination titers and the number of spleen antibody producing cells of mice sensitized to sheep erythrocytes; cell-mediated immunity, measured as delayed type hypersensitivity to sheep erythrocytes; lymphocyte responsiveness to T-and B-cell mitogens; bone marrow status, determined by cell number and DNA synthesis and the functional activity of the reticuloendothelial system, as measured by the vascular clearance rate and tissue uptake of 51Cr sheep erythrocytes.
Methods

Exposure of Animals
Complete details concerning housing of the randomized CD-1 mice and their exposure to chloral 147 hydrate are given in the preceding paper (3 
Humoral and Cell-Mediated Immunity
The number of splenic antibody forming cells produced against sRBC in mice exposed to chloral hydrate for 90 days is summarized in Table 3 . The peak day of response was day 4 after immunization for both sexes. On day 4, female mice produced 36 and 40% fewer AFC/spleen compared to control, at dose levels of 0.07 and 0.7 mg/ml, respectively. When expressed as AFC/106 spleen cells, the only significant decrease occurred at the high dose level of 0.7 mg/ml (173 mg/kg), where there was a 32% suppression. No changes were observed in male mice.
Serum hemagglutination titers were also measured. As seen in Table 3 , no changes from control antibody titers were detected.
Delayed type hypersensitivity to sRBC was measured as an indicator of cell-mediated immunity (Table 2) . Male mice exposed to the high dose level of 0.7 mg/ml demonstrated a 74% increase in footpad swelling compared to vehicle control, as measured by 125I-albumin extravasation. On the other hand, Table 4 shows the responsiveness of spleen lymphocytes to the optimal concentrations of a T-cell mitogen (Con A) and a B cell mitogen (LPS). There were no exposure-related changes in lymphocyte response. Baseline response in the absence of mitogen is also shown in Table 4 .
The functional activity of the reticuloendothelial system was not altered in male or female mice (data not shown). Even though there was a significant increase in kidney uptake of 5"Cr-labeled sRBC in female mice at the low dose, it was not considered biologically significant.
The number of bone marrow cells/femur was unchanged. There was a slight increase in bone marrow DNA synthesis in males as measured by incorporation of 125I-IUdR (Table 5 ). This increase occurred at both exposure levels. It should be noted that DNA synthesis was higher in the control females, as compared to the males. Table 4 . Lymphocyte responsiveness in the absence and presence of mitogen using spleens from CD-1 mice exposed to chloral hydrate in the drinking water for 3 months. aValues represent the mean cpm's ± SE derived from 17-22 mice in the deionized water group and 13-16 mice in the other groups.
Sex
bThe optimum concentration of concanavalin A (Con A) and lipopolysaccharide (LPS) were employed. Values represent the mean cpm's ± SE derived from 17-22 mice in the deionized water group and 13-16 mice in the other groups. 
Discussion
The previous report on chloral hydrate described the general toxicological effects of acute and subchronic exposure in random-bred CD-1 mice (3). Following exposure for 14 or 90 days, gross pathology, organ weights, clinical chemistries, hematology, urinalysis, and the effects on the hepatic microsomal enzymes were assessed. The most notable effects were in the livers of the male mice, where a dose-dependent hepatomegaly and an elevation in SGOT and LDH were seen. There was also increased hepatic microsomal aminopyrine N-demethylase and aniline hydroxylase activity, without an increase in P-450 content. In this report we describe the effects of chloral hydrate on the immune system when mice were exposed at the same time and under the same conditions as in the general toxicological studies.
The amount of chloral hydrate administered in the 90-day drinking water study was high in comparison to levels existent in the drinking water supplies surveyed by the EPA; that survey disclosed levels of chloral hydrate ranging from 2 to 5 ,il/l. For the 90-day study, the highest dose administered to mice was 173 mg/kg. An equivalent human dose (based on body surface area) would be 14 mg/kg, or less than one gram. On a day-to-day basis, this could be considered a potentially harmful dose, especially in those individuals who are already at immunological risk.
The immune system in male mice showed no exposure-related depression or stimulation following 14 or 90 days of exposure. Humoral immune status, as assessed by measurement of the production of AFC, hemagglutination titers, and spleen cell response to LPS, was unchanged. Cell-mediated immunity, evaluated by a delayed type hypersensitivity response to sRBC, was enhanced in male mice exposed to the high concentration of chloral hydrate (160 mg/kg). The reason for this responsiveness may be related to the control stimulation index of 3.14 (Table 2) , which was low in comparison to the mean for our accumulated historical control values for this strain of mouse. Spleen cell responsiveness to the T-cell mitogen concanavalin A was not altered, nor was there any effect on the functional activity of the reticuloendothelial system.
The immune status of female mice following 90 days of exposure differed from the males. The major difference was that humoral immunity, assessed by the number of AFC produced against sRBC, was depressed on the peak day of response (day 4). However, two other indicators of humoral immune status, hemagglutination titers and spleen cell response to the B-cell mitogen LPS, were not changed. The AFC response is the most sensitive indicator of humoral immunity because of the complex cellular cooperations required and because the number of cells that produce antibody can be quantitated. Although cell-mediated immunity was suppressed in mice exposed to the low dose of chloral hydrate, we do not believe this was compound related because the suppression was slight and it was not dose related. The effect on humoral immune status, concurrent with little alteration in the status of cell-mediated immunity, was consistent with results of other studies we have conducted upon water contaminants such as trichloroethylene and various chlorinated hydrocarbons (7) . Why these compounds affect primarily the humoral immune functions is not clear.
From this study, it appears that the immune system, particularly the ability to produce IgM antibody to a T-dependent antigen in female mice, is the most sensitive indicator of the toxicity of chloral hydrate. The previous paper, which dealt with the toxicology of chloral hydrate, indicated that the liver is the most sensitive organ in male mice. The lowest concentration used, i.e., 0.07 mg/ml or about 16 mg/kg, was effective in eliciting both these responses.
